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Analysis of the morphometry and variations 
in the extensor digitorum brevis muscle: an 
anatomic guide for muscle flap and tendon 
transfer surgical dissection 
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Abstract: The extensor digitorum brevis muscle (EDB) is a practical option for use as an island flap or free flap when 
reconstructing soft tissue defects in the ankle as well as in the entire lower limb. It is frequently used to correct crossover toe 
deformity and other painful toe disorders. We evaluated the morphometry of the EDB in 44 formalin-fixed limbs. Length and 
width of the muscles were measured. Surface area was calculated as the product of length and width of the muscle. The length 
of each tendon was also measured from its origin to the point of distal attachment. Presence of any additional tendons was 
noted. Mean length, width, and surface area of the muscle were 7.39±0.71 cm, 4.1±0.37 cm, and 30.5±4.78 cm 2 on the right side 
and 7.2±0.84 cm, 3.9±0.37 cm, and 28.4±5.35 cm 2 on the left side, respectively. Morphometry of the tendons revealed that the 
tendon of the great toe had the highest mean length (9.5 cm) and the tendon of the fourth toe had the lowest mean length (6.3 
cm). Four of the limbs studied (9.09%) had only three tendons. Three of the limbs studied (6.81%) had five tendons, and in one 
exceptional case (2.27%), six tendons were detected. These observations have significant value and are applicable to plastic and 
orthopedic surgery. 
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Introduction 

The extensor digitorum brevis muscle (EDB) arises from 
the distal part of the superolateral surface of the calcaneus. 
It runs distally across the dorsum of the foot and finally 
divides into four slips. Usually, the medial part of the muscle 
ends in a distinct slip that runs distally superficial to the 
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dorsalis pedis artery to insert onto the base of the proximal 
phalanx of the great toe. This slip is often termed the extensor 
hallucis brevis (EHB). The other slips attach to the lateral 
sides of the tendons of the extensor digitorum longus for the 
second, third, and fourth toes. EDB receives nerve supply 
from the lateral terminal branch of the deep peroneal nerve. 
Functionally, EDB is dispensable, as the toes can be extended 
by the long extensor muscles. The anatomical position of the 
EHB muscle belly and its tendon are useful in locating the 
dorsalis pedis artery and deep peroneal nerve [1-3]. 

The EDB muscle is often used as an island flap to treat 
soft tissue defects in the ankle region and distal part of foot 
[4] . It is also used as a free flap to cover small defects or for 
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functional restoration [5]. EDB tendon transfer is frequently 
used to correct crossover toe deformity and to treat painful 
toe disorders such as lateral ankle deformity [6-8]. 

Anatomical variations and morphometry of the EDB 
have been described previously [9-11]. However, there is a 
dearth of studies focused solely on the morphometry of the 
EDB tendons in the existing literature. Recent and ongoing 
advances in plastic and orthopedic surgeries of the lower 
limb have created a need for a detailed understanding of ana- 
tomical variations and morphometry of the EDB muscle. The 
present study aimed to analyze the morphometry of the EDB 
muscles and tendons. 




Fig. 1. Dissection of the dorsum of the right foot showing the proximal 
and distal attachments of the extensor digitorum brevis (EDB) muscle. 
EDL, extensor digitorum longus; ML, muscle length; MW, muscle 
width; TL1, length of tendon to the great toe; TL2, length of tendon 
to the second toe; TL3, length of tendon to the third toe; TL4, length 
of tendon to the fourth toe. 



Materials and Methods 

A total of 44 formalin-embalmed cadavers aged 50 to 60 
years were examined. None of the cadavers had a history of 
malformations of the foot. The study was conducted in the 
Department of Anatomy, Melaka Manipal Medical College, 
Manipal University, India. The dorsums of 44 feet of both 
lateralities (right and left) were neatly dissected, and the 
proximal and distal attachments of the EDB muscles were 
carefully analyzed. Anatomical variations in the number of 
distal slips of the EDBs were recorded and photographed. 
The length of the muscle (ML) was measured from its point 
of origin on the calcaneus to the point of commencement of 
its tendon to the second toe (Fig. 1). The width of the muscle 
(MW) was measured at the midpoint between the point of 
its origin on the calcaneus and the point of commencement 
of its tendon to the second toe (Fig. 1). The surface area of 
the muscle (MS) was calculated as the product of length 
and width (MS=MLxMW). The length of each tendon was 
measured from its point of origin to the point of its distal 
attachment (Fig. 1). All distances were measured using 
calipers. Results are expressed as mean±standard deviation. 
Statistical comparisons were made using the student's t-test 
and P- values of <0.05 were considered statistically significant. 

Results 

Minimum, maximum, and mean values of length, width, 
and surface area of the EDB muscle on both sides (right and 
left) were measured and tabulated (Table 1). No statistically 



Table 1. Measurements of the length, width and surface area of the extensor digitorum brevis muscle 







Right side 






Left side 




Measurements 


Mn 


Mx 


M±SD 


Mn 


Mx 


M±SD 


Length (cm) 


5.8 


8.6 


7.39±0.71 


5.6 


9 


7.2±0.84 


Width (cm) 


3.1 


4.6 


4.1±0.37 


3.1 


4.6 


3.9±0.37 


Surface area (cm 2 ) 


19.8 


37.8 


30.5±4.78 


18.6 


41.4 


28.4±5.35 



Mn, minimum; Mx, maximum; M±SD, mean±standard deviation. 



Table 2. Measurements of the length of tendons of the extensor digitorum brevis muscle 



Tendons 




Right side (cm) 






Left side (cm) 




Mn 


Mx 


M±SD 


Mn 


Mx 


M±SD 


TL1 


5.6 


9.5 


7.05±0.86 


5 


9.4 


7.2±0.88 


TL2 


4.4 


8.4 


6.3±0.94 


4 


8.2 


6±0.8 


TL3 


4 


6.3 


5.2±0.75 


3.8 


7.8 


5.2±L04 


TL4 


4.2 


7.6 


5.5±0.69 


4 


7.6 


5.3±0.94 



Mn, minimum; Mx, maximum; M±SD, mean±standard deviation; TL1, length of tendon to the great toe; TL2, length of tendon to the second toe; TL3, length of 



tendon to the third toe; TL4, length of tendon to the fourth toe. 
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significant differences in muscle length (P>0.05), width 
(P>0.05), or surface area (P>0.05) were observed between 
left and right feet. Mean lengths of each of the EDB tendons 
were measured and tabulated for all limbs (Table 2). Fur- 
thermore, no statistically significant differences in tendon 
length (P>0.05) were observed between left and right feet. 
In 36 limbs (81.8%), the EDB presented classically with four 
tendons for the medial four toes (Fig. 1). In four limbs (9.09%), 
the EDB had three heads that ended in three tendons for 
the medial three toes and the tendon for the fourth toe was 
found to be absent (Fig. 2). In one of these cases, presence of 
an accessory fasciculus arising from the adjacent sides of the 
first and second heads of the EDB was observed (Fig. 2). This 
accessory fasciculus merged with the first dorsal interosseous 
muscle (Fig. 2). In three cases (6.81%), the four distinct heads 
of EDB ended in five tendons (Figs. 3, 4). In two of these 
cases, the second head ended into two tendons for the second 
toe (Fig. 3), and in the other case, the third head gave rise to 
two tendons for the third toe (Fig. 4). In one limb (2.27%) the 




Fig. 2. Dissection of the dorsum of the left foot showing the proximal 
and distal attachments of the extensor digitorum brevis (EDB) muscle. 
Note that the number of EDB tendons is only three and the tendon for 
the fourth toe is absent. MF, muscle fasciculus; Tl, tendon to the great 
toe; T2, tendon to the second toe; T3, tendon to the third toe. 




Fig. 3. Dissection of the dorsum of the left foot showing the proximal 
and distal attachments of the extensor digitorum brevis (EDB) muscle. 
Note the additional EDB tendon for the second toe (T2a). Tl, tendon 
to the great toe; T2, tendon to the second toe; T3, tendon to the third 
toe; T4, tendon to the fourth toe. 



EDB had four distinct heads but ended in six tendons for the 
medial four toes (Fig. 5). In this case, the second head divided 
into three tendons: medial, intermediate, and lateral (Fig. 5). 
The medial tendon was attached to the base of the proximal 
phalanx of the second toe. The intermediate tendon was 
attached to the fascia over the shaft of the third metatarsal 
bone. The lateral tendon was inserted into the lateral side of 
the extensor digitorum longus tendon for the second toe (Fig. 
5). 

Discussion 

The EDB frequently shows variations in its heads, tendons, 




Fig. 4. Dissection of the dorsum of the left foot showing the proximal 
and distal attachments of the extensor digitorum brevis (EDB) muscle. 
Note the additional EDB tendon for the third toe (T3a). Tl, tendon 
to the great toe; T2, tendon to the second toe; T3, tendon to the third 
toe; T4, tendon to the fourth toe. 




Fig. 5. Dissection of the dorsum of the right foot showing the proximal 
and distal attachments of the extensor digitorum brevis (EDB) muscle. 
Note that the second head (SH) of EDB is divided into three tendons: 
medial, intermediate, and lateral. The medial tendon (PP2) is attached 
to the base of the proximal phalanx of the second toe. The intermediate 
tendon is attached to the fascia over the shaft of the third metatarsal 
bone (M3). The lateral tendon is inserted to the lateral side of the 
extensor digitorum longus tendon for the second toe (EDL2). EHL, 
extensor hallucis longus; Tl, tendon to the great toe; T2, tendon to the 
second toe; T2a & T2b, additional tendons from the SH of EDB; T3, 
tendon to the third toe; T4, tendon to the fourth toe. 
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and the presence of additional fascicles. In general, the muscle 
has four distinct heads that end in four tendons. Occasionally, 
the EDB may have two or three distinct heads and more 
rarely the whole muscle may be absent. In cases where two 
heads are present, the muscle is usually restricted to the first 
and fourth toes or may be restricted to the second and third 
toes or the first and little toes. On rare occasions, a double 
tendon for the second toe has been observed. An accessory 
fasciculus taking origin from the bones of the foot may 
insert to the second or third tendons of the EDB. Accessory 
fascicles arising between the normal tendons may end on the 
fifth tendon. Such tendons are frequently found between the 
great and second toes. Sometimes, these tendons may join 
to form an interosseous muscle. Rarely, an extra tendon may 
join the long extensor tendon of the little toe [9-12]. In the 
present study, four cases (9.09%) had three distinct heads, 
which were restricted to the first, second, and third toes. An 
additional fifth tendon was found in three cases (6.81%). In 
one case (2.21%), the second head of the EDB presented two 
additional tendons. One of these was attached to the base of 
the proximal phalanx of the second toe and other tendon was 
inserted to the fascia over the shaft of the third metatarsal 
bone. 

Occurrence of an additional head or accessory fasciculus 
and absence of one of the four heads of the EDB can be 
explained with reference to the embryonic development 
of the foot muscles. Four fundamental phases have been 
shown to occur during muscle pattern ontogenesis [13]. 
Each muscle results from the fusion of muscle primordia 
from different layers. While this fusion is occurring, some of 
these muscle primordia disappear due to cell death, although 
the cells within them can differentiate to myofilaments [14]. 
Persistence of some muscle primordia in the EDB might 
result in supernumerary heads or accessory fasciculi. Absence 
of one of the actual heads may be due to the disappearance 
of some muscle primordia which otherwise persist and give 
rise to the usual four- headed pattern [15]. Knowledge relating 
to the presence of extra tendons or absence of usual tendons 
is clinically important in plastic and orthopedic surgeries 
involving EDB tendon transfer. 

A previous study of 13 cadavers conducted by del Pinal 
and Herrero [5], investigated the morphometry of the EDB. 
In their study, the mean length was 5.13 cm, mean width was 
3.76 cm, and mean surface area was 19.72 cm 2 . In our study, 
the mean length, width, and surface area were found to be 
7.39±0.71 cm, 4.1±0.37 cm, and 30.5±4.78 cm 2 on right side 



and 7.2±0.84 cm, 3.9±0.37 cm, and 28.4±5.35 cm 2 on the left 
side, respectively. 

In the present study, morphometric analysis of the EDB 
tendons revealed that the tendon of the great toe had the 
highest mean length (9.5 cm) and the tendon of the fourth toe 
had the lowest mean length (6.3 cm). These morphometric 
findings and information relating to the incidence of 
supernumerary tendons of the EDB reported in the present 
study are clinically relevant to surgeries for the treatment of 
crossover toe deformity and painful toe disorders. Sagittal 
and/or horizontal plane instability of the second toe is defi- 
ned as crossover toe deformity. In this deformity, EDB ten- 
don transfer is the preferred treatment strategy compared 
with flexor digitorum longus tendon transfer, as it allows 
preservation of the metatarsophalangeal joint [7, 8]. This 
surgical protocol also has a reduced risk of postoperative 
complications such as avascular necrosis, malunion, and 
stiffness. The EDB tendon is also used to realign medially 
deviated lesser toes to treat painful toe disorders [6] . 

Due to a lack of local flaps, soft tissue defects are difficult 
to treat in the ankle and foot regions. EDB muscle flap is a 
practical option in such cases as it is easy to rise, has minimal 
morbidity, and does not require microsurgical skills [16]. In 
general, fasciocutaneous flaps are not preferable to muscle 
flaps to treat defects with exposed internal fixation devices. 
The use of EDB as a local muscle flap has been previously 
described, and it has been used as a microvascular free flap 
in facial re-animation [17, 18]. In 1990, Crocker and Moss 
[16] demonstrated a new technique for EDB muscle flaps that 
allows a much larger arc; they suggested that muscle is a viable 
option to treat defects of the malleoli up to 5 cm in diameter. 
They also suggested that the flap can extend up to the lateral 
malleolar region without any difficulty. Subsequently, various 
authors have reported the advantages of ankle and foot soft 
tissue defect reconstruction using an EDB flap [19-21]. As the 
clinical applications of EDB free flaps are gaining increasing 
importance, the morphometric findings of the present study 
will be of help to plastic and orthopedic surgeons. 
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